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I. Introduction
Germany's 3 percentage point increase in the value-added tax (VAT) rate in January 2007 was one of the largest such hikes in industrial countries. The size of the increase and the long announcement period-about 13 months-heightened uncertainty about its likely impact on inflation. The rate hike took also place amidst a nascent economic recovery, rapid gains in employment, and rising oil and food prices. Taken together these developments raised the specter of compounding inflationary pressures with lasting consequences for price stability, yet the actual increase was much lower than feared.
Understanding the inflationary effects of Germany's VAT hike is also of interest from an international perspective. Because many advanced economies have experienced eroding direct tax bases as labor and capital have become more mobile (e.g. EU Commission 2006), many governments are considering a shift towards higher indirect taxation. Understanding the macroeconomic implications of such a move is hence key to assessing the success of this strategy. Most studies, which have addressed this question, could not draw information from actual experiences and hence relied on the analysis of expectations or known behavior (Bundesbank, 2006 , Royal Bank of Scotland, 2006 or focused on effect on headline inflation (Bundesbank, 2008) , which was overlaid by ongoing food and energy-price developments.
Increases of core inflationin Germany in 2007 turned out to be more modest than expected, but some observers remained concerned throughout 2007 that the inflationary effects could have been delayed (e.g. Bundesbank, 2007, May bulletin, p. 54) . We argue to the contrary. The effects of the VAT rate increase were largely complete soon after implementation, because price increases were phased in already during 2006 in anticipation of the VAT hike. We call this effect "inflation smoothing". As consumers brought purchases forward to avoid the higher expected prices in 2007, suppliers were able to increase prices incrementally to take advantage of the greater demand. This was especially the case for durable goods.
Because of this anticipatory behavior, prices rose more gradually than anticipated. This also explains why core inflation in 2007 after January did not rise by as much as anticipated. Overall, we find that the pass-through of higher VAT rates to consumers was rather limited. However producers of items where demand was captive, such as durable goods, were able to take advantage of consumption shifting.
We have reached these conclusions by using the following empirical strategy. We explore whether the inflation dynamics among CPI items liable to the VAT hike differs from the dynamics of non-VAT items prior and post implementation. The paper argues that any systematic inflationary discrepancies between these two items, which cannot be accounted by several key factors, such as shifts in demand, time-specific and seasonal effects, administrative or policy one-off effects are likely due to the announcement of the VAT hike. Similarly, any systematic difference at the time of implementation and post implementation provides information about the pass-through or lagged price increases.
A key feature of this study is a focus on core inflation. The interest in using core rather than headline inflation is twofold. First, VAT is primarily affecting core inflation, as it is not applied to a vast majority of food prices, and some energy prices. Second, at least in Germany, core inflation remains a good indicator of underlying inflation (see text chart below) and hence serves well in gauging changes in inflation expectations.
Earlier studies on the inflation effect of VAT or other sales tax changes focused on selective price increases and tax shifting in advanced economies (Katz and Rosen 1985; Stern 1987; and Besley 1989) . A more recent study focused on the asymmetric price responses to VAT changes in France (Carbonnier, 2007) . Therefore little is known about inflation effects during the announcement period. Our study presents a simple, systematic way of looking at the announcement effects of a large VAT hike. Theoretical models of inflation (Mankiw and Reiss, 2002) and imperfect competition pinned down the intuition, while the results are consistent with the empirical findings from price setting literature and other recent findings of the effect of VAT on inflation in Germany (Royal Bank of Scotland, 2006 , Bundebsank, 2008 . Our empirical results explains well the stylized facts, and are robust to different specification and estimation methods.
The paper is structured as follow. Section II discusses inflation and demand developments around the time of the VAT hike and outlines the plan of our empirical analysis. Section III calculates the rise in core inflation due to the VAT increase, identifying the timing of the increase and the products that experienced higher-than-average price increases. Section IV concludes.
II. Stylized Facts and Rationale for Inflation Smoothing
The 2007 VAT hike offers a unique opportunity to analyze price setting behavior in the context of a large known price shock. The stylized facts presented below show that a significant part of the inflation effect may have occurred in the period prior to the hike. This is surprising, but consistent with the notion that the inflation effects were muted, because price effects may have been spread out over a longer period of time. The reasons for price increases in advance of the hike are discussed below. They could either be related to the observed pattern of consumption shifting in an environment of limited competition or they may be explained by price setting behavior in the context of an anticipated and known price shock.
Stylized facts
The VAT hike was announced in December 2005 and ratified by Parliament in mid 2007. The tax hike was to affect all items liable to the standard rate of 16 percent and hence did not affect items under the reduced rate such as basic food or books and entertainment. At a full and immediate pass-through the VAT rate increase would have implied a 2.6 percentage point jump in prices of the affected items. With three-fifths of the items in the consumer price index (CPI) basket affected (the VAT items), the full impact on the consumer price index would have been 1.4 percentage points (Bundesbank, 2006) . However not all producers were expected to pass on the VAT increase fully to consumers, so that the actual effect was assumed to be smaller (Royal Bank of Scotland, 2006 • Throughout 2006 and 2007 the output gap closed or moved into positive territory and was accompanied by strong employment growth. Output grew faster than in the euro area and was mainly driven by domestic investment activity and gains in net export.
• Another potential explanation could have been a special 2006 World Cup effect, which may have given a boost to service sector demand and potentially affected price increases.
Both hypotheses will be explored in the empirical section. However before turning to the econometric analysis, we first present the incentives for price smoothing.
Rationale for inflation smoothing
The long announcement period of the VAT hike offers different reasons why inflation increased prior to the actual implementation of the rate change. Rather than deriving and testing a specific model, this section lays out two different rationales, which are later tested.
Staggered price setting due to sticky information. In this model firms continuously update their information sets regarding aggregate demand conditions and competitors' prices. Since not all firms adjust their prices every period, because gathering information and altering prices is costly, price adjustments are staggered (Mankiw and Reis, 2002) . 1 As a result the announcement of the VAT hike could lead to larger than otherwise planned increasesespecially if intervals between price adjustments are large-since this minimizes the chances that prices are misaligned in the period after the VAT hike implementation. If this motive dominates for a large number of firms, CPI inflation should increase before the tax hike. However, the opposite could also occur: if firms can change prices frequently, a postponement of price increases until implementation may be optimal. Hence in this sticky information model, announcement matters for the path of output and inflation, and the announcement may create different incentives for price adjustment, and an inflation smoothing path.
2 Moreover, in this model vigorous economic activity is positively correlated with rising inflation. Hence, it is important to test both these hypotheses and see how much of the 2006 price increase is due to the VAT announcement, rather than to the output gap closing.
Recent empirical research on price setting behavior gives some indications that price setting is sluggish, as this staggered price model would require. Dhyne and others (2005) find that the frequency of price changes in Germany is among the lowest across for all five types of products studied, among ten Euro area countries (Austria, Belgium, Germany, Spain, Finland, France, Italy, Luxembourg, Netherlands, Portugal). Price changes in Germany last two years, and are ten percent on average. However, as there is also evidence that the frequency of price changes is variable, and increases due to major economic events, one needs to study another rationale for inflation smoothing besides staggered price setting which leads to sluggish prices. For example, price changes increased considerably before the introduction of the euro currency, and in the run up to the 2007 VAT hike. As the frequency of price changes increased differently for goods (in the second half of 2006), than for services (in January 2007, , one needs to test also for imperfect competition and consumption shifting.
Imperfect competition and consumption smoothing. During the announcement phase, firms may be able to take advantage of intertemporal consumption shifting by consumers. This requires that competition is limited and suppliers face a downward sloping demand curve. The reason is as follows: since consumers anticipate that part of any tax increase will be passed on to them, the announcement of the VAT hike will generate a temporary shift in demand. 4 This rise in demand allows firm to extract a higher rents via higher prices. These effects should be larger the lower the competitive conditions and the larger the shift in demand (e.g. durable goods versus perishable goods). Figure 1 illustrates this conjecture. Assume p* depicts the price of a consumer good prior to the announcement of the VAT hike. Assume further that the demand curve for an individual firm is downward sloping since is supplied under monopolistic competition. The announcement of the VAT hike leads to consumption smoothing and hence shifts the demand curve for item i out during the announcement period. The new equilibrium price for this commodity rises to p i ** as firms charge the higher monopolistic price. Using the same argument, the price increase during the announcement period is larger for items which experience larger demand shifts, such as less frequently purchased durable goods j-as
depicted by the new equilibrium price p j **-or in environment with less competition which would be reflected by a steeper demand curve (not shown). On the other hand, in an environment of high competition, advanced price increases may be small and the passthrough to consumers more limited (Carbonnier, 2007) .
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Both explanations provide a rationale for inflation smoothing. The sticky information model of staggered price setting assumes that firms can change prices only infrequently. Hence high costs of altering prices may lead to some smoothing of the price effect. The second explanation on the other hand relies on the interaction of consumption shifting and elastic individual demand curves. Both these explanations are plausible and are explored by testing for differentiated price effects with respect to the degree of competition and the size of the demand shock
III. Empirical Analysis
This section explores whether the inflation dynamics among CPI items liable to the VAT hike differs from non-VAT items prior and post implementation. The paper argues that any systematic inflationary discrepancies between these two groups of CPI items prior to 2007, which cannot be accounted by standard explanatory factors, are due to the announcement of the VAT hike. Similarly, differences in inflation rates between VAT and non-VAT items at the time of implementation and post implementation provide information about the passthrough and delayed price increases.
Empirical strategy and data
To test the above hypotheses we develop a monthly panel of annual inflation rates for twodigit items of the harmonized consumer price index (HICP) in Germany covering the period 2005m1 to 2008m1. 6 The empirical specification models the inflation rate for commodity i of the HICP basket at time t. The annual inflation rate for an commodity item, t i p & , is estimated both as a static and a dynamic panel (with lagged inflation p t-1,i ):
controlling for three types of effects: time varying item specific effects (X i such as euro are wide inflation trends), individual and time fixed effects (Y i , Z t: such as aggregate demand pressures). The hypothesis of a VAT announcement effect is estimated by including a group 5 Carbonnier (2007) showed that in a closed oligopoly the benefits of a VAT decrease-e.g. effects of France 1987 VAT cut for the primary automobile market-are only partly passed on to consumers (less than fifty percent), with the producers enjoying the rest. He also shows that under competitive condition, such as in the household repairs services market, the 1999 VAT decrease was passed through to consumers by seventy seven percent. Most of these pass through happened primarily in the first two months of the tax reform. 6 As of January 1 st 2008 HICP data have been rebased to 2005=100, and back calculated only for a few years. specific effect G Σj, which aim to capture the tax policy announcement effects on items liable to the VAT hike (Σ j ).
Two digit level data were chosen because they allow sufficient differentiation in inflation dynamics price setting behavior across items. At the same time they are sufficiently aggregated to facilitate the estimation of effects on aggregate core inflation. Table A1 in the appendix lists all 53 commodity items with their respective HICP weights and whether they are considered durable and affected by the VAT hike. The values for the latter measure vary between 0 and 1 depending on the share of goods within a specific commodity item, which are affected by the VAT hike. Since the study focuses on core inflation the two energy related items 19 and 32 were dropped from the analysis. Furthermore, given their high volatility seasonal goods (fruit, vegetable, package holidays), and tobacco were dropped leaving a total of 45 items with a weight of 80 percent of the overall HICP.
An important objective of our study is to trace out the effects of the VAT hike on aggregate core inflation. This is done by estimating different inflation trends for VAT items and non-VAT items. Since individual item-inflation rates are aggregated into the HICP index based on individual weights, the estimation approach needs to be cognizant of the aggregation method. Hence, in order to arrive at an aggregate measure the empirical model estimates weighted inflation rates. By weighing the inflation rates of each individual item by its weight in the HICP basket, an average VAT group effect is estimated which avoids being driven by inflation trends of items with small weights. 7 The rationale for this approach and the definition of the dependent variable are discussed in the appendix.
We use the following general control variables in our model:
• Euro area wide inflation effects. To control for regional inflation trends, item by item inflation rates were computed for the euro area excluding Germany. This was achieved by aggregating country level 2-digit HICP data to a synthetic aggregate index. The empirical specification includes euro area specific inflation variables for each HICP item separately and hence measures for each item price effect emanating from the euro area.
• Time trend. This variable controls for common economy wide inflation pressures as reflected in the buoyancy of the German economy beginning in 2005 as German growth began to exceed Euro area trends. The final specifications presented in this paper include a linear trend with an increasing value for each month of the sample. Other specifications (trend squared) were explored, but were not statistically significant.
• Monthly time dummies and idiosyncratic shocks. To allow for seasonal and time specific effects dummy variables for each month were introduced. In addition all specifications include control variables for two specific effects: administrative price changes for education services in April of 2007 and medical services in January 2006.
Since we are primarily interested in the inflation experiences resulting from the VAT hike we introduce the following specific variables.
• VAT effects. We allow for inflation rates to vary across VAT and non VAT items. We use several dummies to differentiate between the announcement effect (VAT 06 trend), the actual implementation (VAT 07 implementation), and any other post implementation effect (VAT 07 trend). In addition, the fixed effect and GMM models test for timeinvariant differences in inflation rates. 8 The VAT 2006 trend tests whether price increases accelerated towards the end of the announcement period reflecting the fact that demand shifting was likely to occur at the end of the year, as theory would suggest. 9
• Durable goods. As a measure for a large demand shifting component during the run-up period of the VAT hike, a dummy variable for durable goods was added in the year 2006 (see appendix for definition).
• Price setting power. A key challenge for developing such a measure is that items in the CPI basket cannot directly be linked to sectoral measures of competitiveness. To circumvent this problem we relied on the observed price setting behavior during the eurocurrency adoption in January of 2002. At this time all prices had to be converted from DM to euros offering an opportunity to exploit price setting power. As shows this transition led to a significant variation of positive and negative price adjustments (Figure 2 ). We surmise that large positive increases signal price setting power and hence the absence of competitive conditions. 10 Our measure of the competition is the rate of the inflation rate increase between December 2001 and January 2002 for price movements which were above the 75 th percentile of price increases. 
Baseline results
The first two columns of table 1 present the results from a fixed effects model estimating annual inflation rates at the 2 digit level. All models include a trend variable, monthly time dummies, euro area inflation trends for all 45 items, and dummies for two item specific administrative price changes (education and health care services as discussed above).
The time trend has a positive and significant effect and hence provides evidence in support of a general acceleration of inflation, possibly picking up the closing output gap and a gradual tightening of the labor market.
Of main interest are, however, the estimated group differences between VAT and non-VAT items. The main assumption underlying the various VAT dummies is that each individual items has been assigned to one of two groups depending on whether is liable to the VAT hike or not. The estimation yields the following findings:
• The VAT 06 trend variable has a positive and significant effect throughout all specifications. This implies that in addition to a general acceleration of inflation, the inflation rate increased more strongly among VAT items (after controlling for item specific, time specific, and euro area wide effects). We interpret this result as evidence for an anticipatory inflation smoothing effect.
• The VAT 07 implementation dummy shows a strong and positive effect and measures the impact of the VAT hike on inflation upon implementation.
In specification (2) of table 1 we estimate the hypothesis whether the VAT led to a delayed pass-through to consumers. This is done by estimating the difference in inflation rates between VAT and non-VAT items through the inclusion of a VAT-trend variable for the year 2007. The model firmly rejects this hypothesis and hence offers no support for a post implementation effect.
Residual tests for autocorrelation indicated evidence of serial correlation of residuals. We therefore proceeded to estimate a dynamic panel specification. The results based on GMM estimation are reported in columns (3) and (4) 
Exploring the inflation smoothing hypothesis
To more firmly establish the of the announcement effect and to refine our explanation, we test several other specifications by exploring other reasons why the inflation rate of VAT items increased faster than that of non-VAT items. The main results are presented in Table 2 .
In a first step we address the question whether prices could have increased in 2006 as a result of a World Cup related demand effect. We introduce a World Cup 06 dummy variable to control for higher inflation in May and June of 2006. The results in column (1) show no measurable effect on inflation. We also test a second dummy variable, column (2), measuring for hikes in restaurant and hotels items during that period. This variable picks up significant prices increased during the 2006 World Cup, but its effect does not explain away the positive effect of the 2006 VAT trend variable, which remains significant.
In the next three models we provide indirect tests of our hypothesis that inflation in 2006 was influenced by a captured demand effect. We have done so as follows:
• By adding a dummy variable for durable goods in 2006 in specification (3) we estimate whether price increases in this group of items were more pronounced. We find a positive and statistically significant effect, which supports the claim that price increases in 2006 were concentrated in items which experienced larger increases in demand. Further test showed that the price increases were concentrated at year-end (not shown).
• We also test separately whether inflation increases among VAT items were related to a supplier's price setting power. Column (3) of Table 2 shows the results from including our measure of high price setting power derived from the 2002 euro currency introduction. 11 Its effect on inflation is positive and significant.
The remaining two specifications show results from including all three variables (a general VAT 2006 trend, durability and price setting power) using fixed effects and a dynamic panel estimator. All variables remain positive and significant in the fixed effects model (col 5). We also performed a dynamic panel estimation. In this specification only the VAT trend variable has a statistically significant effect. The high standard errors of the other two variables indicated the presence of multicollinearity. We therefore tested for the joint significance of all three variables and obtained a χ 2 = 8.5 rejecting the null of no effect with a p value of 3 percent.
The qualitative results of our specification can therefore be summarized as follows: we find evidence of an acceleration of the inflation rate in all VAT items in 2006, of jump increase in January 2007, but no empirical support of delayed price increases throughout 2007. Focusing on the 2006 effect we find that among VAT items inflation accelerated faster among durables and items in less competitive markets, indicating that rent extraction may have been a motive. In a next step we explore the quantitative implications of these findings on aggregate core inflation in Germany. 1/ Excluding Germany, 2/ A test for the hypothesis that the parameters estimates of the three variables VAT 06 trend, durable goods, and price setting power in specification (5) 
Aggregate inflation effects
The estimated coefficients in Table 2 column 5 12 can now be used to decompose the observed increase in aggregate inflation in VAT related and other effects. As mentioned above we excluded other factors, such as energy and food price inflation from the analysis.
Since we are exclusively interested in the effect of the acceleration of VAT items versus non-VAT items we first need to determine how the estimated parameters of the VAT-groupdummies can be translated into an impact measure on the aggregate HICP core inflation rate. A first step in this process is obtaining an interpretation of the units of the estimated parameters associated with the VAT-dummies in Tables 1 and 2 . Since these parameters are associated with the group of VAT items, they measure the average inflation effect of these items. As appendix 1 explains, since we weighed each item's inflation rate by its weight in the HICP basket, the estimated coefficient measures the weighted average effect of all included VAT items on core inflation. Therefore in order to arrive at a measure for the impact on aggregate CPI, the coefficients from Tables 1 and 2 need to be multiplied by the number of VAT items. 13 Once we have obtained these estimates we can then compute the predicted inflation path with and without the VAT effects related to the tax hike. Using the parameters in column 5 of table 2 we obtain the following results: Based on coefficients of specification (5) in Table 2 . These findings translate into an estimated cumulative pass-through rate of the VAT hike to core inflation of 73 percent.14 Knowing the timing of the increase, this pass-through rate can be broken down further, to an average 24 percent in 2006 and 49 percent in 2007 (primarily January). Our estimates hence imply that although core inflation appeared to not have increased by much in January 2007, the pass-through of the VAT hike was still substantial when VAT related price increases in 2006 are taken into account. This inflation smoothing effect may also explain why there was little further increases among VAT items in the aftermath of the tax rate hike.
IV. Conclusion
Increases in core inflation following the 2007 VAT hike were smaller than expected, initially constituting a puzzle and leading to speculation about delayed inflationary effects. This paper explored the extent of the inflation increase generated by the anticipation of the VAT increases (inflation smoothing), and its explanations.
An increase in inflation in VAT items contributed 0.36 percentage point to core inflation in anticipation of the actual implementation, and a further 0.73 percentage point increase upon its implementation in 2007. As consumer demand increased in 2006, producers were able to raise their prices, more so in durable goods. Accordingly, the extent of the increase in January 2007 was more muted (0.4). Cumulatively, the VAT effect was equivalent to a passthrough of 73 percent.
The results of the paper have a few interesting implications. First, the inflationary profile of a large tax hike is likely affected by the length of the announcement period. Price adjustment in advance of the VAT hike help smooth the inflation profile and thereby can avoid large spikes which create risks of triggering second round effects. The incentives for inflation smoothing also appear to be linked to the degree of intertemporal consumption shifting with items experiencing larger demand increases being affected more. Understanding these channels is important since several countries have expressed intention to increase indirect taxation.
III. Calculating The Effect on Core Inflation
We calculate the model-predicted inflation rate, and to obtain the values in Table 3 we go through the fo a. We take the actual value for each variable described above, in each month, and we items in this group (VAT and non-VAT). multiply it, by its estimated coefficient presented in Table 2 , specification (5), and by the number of the b. We sum these components to obtain predicted inflation rates for each month (annual rates). Source: Author's calculations. The core index excludes items 1, 7,8 13, 19, 30, 32, and 44. 
